INTRODUCTION
The Great Island (GI) subgroup is one of four antigenic complexes currently assigned to the Kemerovo (KEM) serogroup of tick-borne orbiviruses . Besides their antigenic differences, these groups are distinguished ecologically and by the type of tick species from which they have been isolated (Hoogstraal, 1973; Main et al., 1976) . Most members of the GI subgroup are associated with ixodid tick species (Ixodes uriae and I. signatus) that parasitize seabirds (Nuttall, 1984) . At least 35 topotypes of the GI subgroup have been reported, demonstrating the extensive bi-polar range of this group that currently extends from the Rost Islands offthe coast of Norway (Saikku et al., 1980) to Macquarie Island in the Sub-antarctic (Doherty et al., 1975) .
Neutralization tests, and analyses of dsRNA genome profiles by PAGE, reveal a high level of serotypic and genotypic variation within the group, although the overall pattern of RNA segments is consistently 2:4 : 3 : 1 (Gorman et al., 1984; Black et al., 1986; Jacobs et al., 1986) . To examine gene pool size, as defined by the ability of two viruses to exchange genomic segments, five topotypes of the GI subgroup were assayed for their ability to reassort by determining reassortment frequencies and examining genome profiles by PAGE.
METHODS
Virus and cells. Studies were carried out on five viral isolates from I. uriae ticks collected in seabird colonies in the northern and southern hemispheres (Fig. 1 ). Great Island virus was originally isolated from 10 engorged nymphs removed from a puffin (Fratercula arctica) burrow on Great Island, Newfoundland in Canada (Main et al., 1973) . Nugget (NUG) virus was derived from a pool of 10 nymphs collected on Macquarie Island in the Southern Ocean (Doherty et al., 1975) . A pool of 10 engorged nymphs (designated FT363) collected at Saint Abb's Head, Scotland, U.K. was the major source of Broadhaven (BRD) virus(Nuttalletal., 1981) . tur iTHR) virus was isolated from a pool of adult females collected from Thormodseyjarklettur, west Iceland . Wexford (WEX) virus was derived from a pool of three engorging females (designated GS80-9) removed from a guillemot (Uria aalge) chick on Great Saltee Island, Eire (Nuttall et al., 1984) . All .viruses were grown in Vero or BHK cells. Veto cells were used for plaque assay and were maintained in Eagle's minimum essential medium with Earle's salts supplemented with 3~ foetal calf serum (FCS). Viral stocks and RNA were prepared using BHK cells maintained in Leibovitz medium (L15) supplemented with 3~ FCS.
Isolation of temperature-sensitive (ts) mutants. Parental viral stocks were produced by plaque picking three times from plaques grown at 37 °C and once at 41 °C. Spontaneous ts mutants were isolated by plaque picking from viral stocks grown at 36 °C, as described previously (Moss & Nuttall, 1986) , using 36 °C and 41 °C as the permissive and non-permissive temperatures, respectively.
Reassortment assays and production of reassortant viral stocks. Procedures for carrying out reassortment with ts mutants, and production of reassortant viral stocks, were as previously described (Moss et al., 1987) . Vero cells were dually infected with ts mutants at an input m.o.i, of 4 p.f.u./cell and harvested after incubation at 36 °C for 18 h. Reassortant viral stocks were produced in BHK cells incubated at 36 °C after plaque picking twice from plaques produced at 41 °C. Reassortants of WEX VI-62 and NUG viruses were produced initially from plaques grown at 36 °C. A second set of reassortants were isolated from plaques grown at 41 °C following dual infection with NUG virus at an input m.o.i, of 4 p.f.u./cell and WEX VI-62 virus at 1 p.f.u./cell, and harvesting the cells 42 h after infection when a c.p.e, was apparent.
Preparation of viral RNA. Two methods were used to produce dsRNA depending on whether rapid screening of putative reassortants or more detailed analysis was required. In the first case, dsRNA was extracted from two 25 cm 2 flasks of infected BHK cells. On appearance of a c.p.e., the cells were frozen and thawed, and 1 ml 10~o SDS and 1 M-sodium acetate pH 5-0 was added to the clarified supernatant. The dsRNA was extracted with phenol/chloroform, ethanol-precipitated, and the pellet dissolved in water.
Cleaner dsRNA preparations were obtained using BHK cell cultures in 32 oz bottles inoculated in an input m.o.i, of 0-1. When a c.p.e, appeared the cells were resuspended in 10 mM-Tris-HCl, 10 mM-EDTA (TE) buffer pH 7-6, and homogenized with 20 strokes of a Dounce glass homogenizer. After clarification, the pellet was washed twice in TE buffer. The pooled supernatants were adjusted to 1 ~ SDS and 0-4 M-NaCI, extracted with phenol/chloroform, and ethanol-precipitated. The pellet was dissolved in 2 ml 1 mM-EDTA pH 5-0, and 2 ml 4 M-LiC1 was added. After a minimum of 8 h at 4 °C the ssRNA was pelleted at 9000 r.p.m, for 30 min. Four ml 8 M-LiCI was added to the supernatant and left at 4 °C for 8 h. The dsRNA was pelleted, dissolved in TE buffer, and ethanol-precipitated.
PAGE. Gel electrophoresis and silver staining were carried out as described previously (Moss et al., 1987) . dsRNA samples containing 0.05~ (w/v) bromophenol blue and 10~ (v/v) glycerol were run on 10~ polyacrylamide gels with 3 ~ stacking gels for 20 h at 22 mA in a Tris-glycine buffer system. Neutralization tests. Plaque reduction neutralization tests were performed as described previously (Moss et al., 1987) . Neutralizing titres were expressed as the reciprocal of the dilution of hyperimmune ascitic fluid that resulted in an 80% reduction in plaque number.
RESULTS

Isolation of ts mutants and assignment to reassortment group
Eight spontaneous ts mutants of GI virus were isolated from 1200 plaques and assigned to three reassortment groups: ts 2, 3, 4, 5, 6 and 8 to group II, ts 7 to group VI, and ts 1 to a new group designated VII. One ts mutant of THR virus was isolated from 400 plaques; this was a member of reassortment group II. NUG virus did not produce plaques at the non-permissive temperature. The isolation and assignment to reassortment groups of ts mutants of BRD and WEX viruses have been described previously (Moss & Nuttall, 1986; Moss et al., 1987) .
Isolation of reassortant viruses
Temperature-sensitive mutants of GI, BRD, WEX and THR viruses showed high frequency reassortment in co-infected cells (Table 1 ). All plaques picked from reassortants grown at the non-permissive temperature showed the wild-type (is +) phenotype. WEX × NUG reassortants produced from plaques grown at the permissive temperature still exhibited the ts phenotype.
Analysis of RNA profiles
Although the overall migration pattern of dsRNA segments was 2 : 4 : 3 : 1, most segments from the five isolates differed in mobility except for segments 7 and 8 of GI, BRD, WEX and THR viruses. To determine the parental origin of each segment in the reassortants, the genomic RNA of a reassortant was run with that of one of its parents. Analysis of the RNA profiles of reassortants from BRD 1-4 x WEX VI-62 indicated that the ts lesion in the previously uncharacterized reassortment group I is in segment 9. Analyses of the reassortants derived from GI VII-1 x WEX 11-42 showed that the ts lesion of mutants in reassortment group II is in segment 1, and for reassortment group VII is in segment 2. In some cases segment 6 of GI virus was identified as segment 5 of a reassortant (Fig. 2) . Reassortants from BRD V-12 × THR II-2 revealed that the ts lesion in members of reassortment group V is located in segment 3; in some of these reassortants segment 3 was derived from segment 4 of BRD virus (Fig. 3) . Reassortants of WEX VI-62 × N U G from plaques grown at 41 °C contained segment 4 of N U G virus, the segment carrying the ts lesion of the WEX parent; when the plaques were grown at 36 °C the reassortants contained only segment 10 of N U G virus, the other nine being from the WEX parent (Fig. 4) .
N e u t r a l i z a t i o n tests
The five isolates were all distinguishable in cross-neutralization tests. GI virus was only neutralized by its homologous ascitic fluid (titre 128), and this ascitic fluid did not neutralize any of the other isolates. Ascitic fluid raised against WEX virus (homologous titre > 256) neutralized T H R virus (titre 64) but not GI, N U G or BRD viruses.
Previous studies had shown that segment 5 of BRD and WEX viruses is the major genetic determinant of serotype specificity . To investigate the apparent equivalence of segment 5 of WEX virus and segment 6 of GI viruses, 10 reassortants from GI VII-1 × WEX I1-42 were examined by neutralization tests with GI or W E X ascitic fluid, and the results compared with their respective genotypes ( Table 2 ). Segment 6 of GI virus and segment 5 of WEX virus correlated with serotype specificity. 
T a b l e 2. Genome segregation patterns compared with neutralizing phenotype of reassortants from GI VII-I x WEX 11-42
Derivation of segment*
The ability of five geographical representatives of the GI subgroup to reassort indicates that this group constitutes a single gene pool. High frequency reassortment was detected following dual infection of cell cultures. Examination of the genome profiles of reassortant viruses confirmed that exchange of genomic segments had occurred and indicated that the ts lesions in members of reassortment groups I, V and VII were in segments 9, 3 and 2, respectively.
Reassortment between GI and WEX ts mutants showed that segment 6 of GI virus is equivalent to segment 5 of WEX virus, and codes for the neutralizing epitopes. Previous studies had identified segment 5 as the major genetic determinant of serotype specificity for the GI subgroup . The results with GI virus demonstrate that cognate genes of GI subgroup viruses are not necessarily equivalent in their genome profiles as seen by PAGE, and illustrate the dangers of assigning specific functions to particular genomic segments. A similar observation was made following reassortment of BRD x THR viruses; some of the reassortants did not possess a segment 3 from either parent but instead contained two segment '4s' thus indicating that segment 4 of THR virus is equivalent to segment 3 of BRD virus, and vice versa. Reassortment between WEX VI-62 and NUG viruses appeared to be non-random as only segment 10 of the latter was present in the reassortants isolated at the permissive temperature. This may be explained by the fact that the growth cycle of NUG virus is much slower than that of the other GI viruses, and suggests that segment 10 of NUG virus is produced earlier in the replication cycle and/or in significantly greater amounts than the other genomic segments. Analysis of reassortants from dual infections with WEX VI-62 and ts mutants of GI, BRD and THR viruses gave no indication that segment 10 of WEX VI-62 carried a silent mutation resulting in its deselection during reassortment.
Members of the GI subgroup may be introduced into a seabird colony via an infected seabird or an infected tick carried by a seabird (Nuttall, 1984) . The data suggest that once introduced, these viruses have the potential to reassort with other members of the group resident in the colony, and hence the potential to generate many new reassortant viruses or genotypes. This explains the remarkable genotypic variation found in isolates from a single colony (Eley et al., 1984; Black et al., 1986; Spence et al., 1986) . A foreign virus will donate only one new serotypic phenotype to a colony, as only one segment of GI subgroup viruses appears to be the genetic determinant of serotype. This highlights the problem of describing such viruses, since 'serotype' is the property of only one of 10 putative viral genes. 'Topotype' appears to be a more appropriate descriptive term for GI subgroup viruses: it relates to the gene pool residing in a seabird colony, and allows for the fact that the probability of intra-colony reassortment is greater than for inter-colony reassortment. Different isolates from a colony could be considered serotypic and/or genotypic variants of a topotype. This would help overcome the problem that most GI subgroup viruses are isolated from pools of ticks. If more than one virus is present within such a pool, reassortants may be derived during the isolation procedures. Thus, for example, GI virus may represent a reassortant that was not present in any of the 10 ticks constituting the tick pool from which the virus was isolated.
In considering the evolution of orbiviruses, Gorman (1983) referred to the biological species concept that stresses the importance of the community gene pool and reproductive isolation. Whether the GI subgroup, which apparently represents one gene pool, is a single species or a group of species (distinguishable by their relative geographical isolation) is questionable. Nonetheless, to determine whether the gene pool of the GI subgroup is unique, investigations are under way to assess whether members of the GI subgroup can reassort with other members of the KEM serogroup.
